Objective: To compare the merits of regional ultrasonography, anthropometry, and measurement of visceral protein concentrations for determining muscle protein mass and nutritional status. Design: Prospective follow-up study. Subjects: Nineteen children (median age 4.7 y, range, 1.4 ±14.1 y) with malignant solid tumors were examined at diagnosis, monthly during preoperative chemotherapy, and 1±2 months after operation; 19 healthy age-and sex-matched children served as controls. Interventions: We measured the thickness of the quadriceps muscle by ultrasonography (muscle index), and body weight, mid-arm circumference, triceps skinfold thickness, and serum concentrations of albumin, prealbumin, and transferrin. Results: At diagnosis, the muscle index was smaller in the patients (mean 5.6 cm 2 am 2 , 95% CI 4.5 ± 6.7 cm 2 am 2 ) than in the controls (8.5 cm 2 am 2 , 95% CI 7.7±9.3 cm 2 am 2 ) (P 0.0007), whereas the anthropometric measurements did not differ. The sensitivity, speci®city, and predictive value of anthropometry and measurements of visceral proteins were poor in detecting reduced muscle protein reserves when compared with the muscle index as the baseline standard. During the anticancer therapy the mean concentrations of serum albumin and prealbumin increased. Conclusions: In children with cancer, nutritional status should be assessed with methods more sensitive than anthropometry and visceral protein concentration measurements. We advocate regional ultrasonography for the evaluation of nutrition in these patients. Sponsorship: This work was supported by the Foundation for Pediatric Research, Helsinki, Finland.
Introduction
Malignant diseases and their treatment are commonly associated with protein-energy malnutrition (Donaldson et al, 1981; Rickard et al, 1983; Donaldson, 1982) . At diagnosis of pediatric solid tumors, the incidence of malnutrition ranges up to 50% (Rickard et al, 1983) . Especially at the beginning of treatment, protein energy reserves are of clinical importance for the outcome: in children with solid tumors, poor nutritional status at presentation is associated with increased relapse rates (Donaldson et al, 1981) . In adult cancer patients, PEM has also been a frequent ®nding and a poor prognostic sign (Nixon et al, 1980) . In some protocols for Wilms' tumor and neuroblastoma, nutritional status is evaluated in the beginning of treatment, and nutritional support is given according to nutritional risk classi®cation (Rickard et al, 1986) . In these protocols, the traditional criteria for PEM have been: weight for height below the 5th percentile of the age-speci®c standard, weight loss of ! 5%, or serum albumin below 32 gaL (Rickard et al, 1986) . However, the value of anthropometric measurements for detection of PEM has frequently been doubted (Burkinshaw et al, 1973; Koskelo et al, 1990) . Because the largest protein energy reserve is skeletal muscle (Heyms®eld et al, 1982a) , the most accurate method would be direct measurement of muscle thickness, employing either computerized tomography or ultrasonograpy (Heyms®eld et al, 1979; Lerner et al, 1986; Koskelo et al, 1991) .
The purpose of the present study was to compare ultrasonography of the femoral quadriceps muscle with the traditional anthropometric methods in the assessment of PEM, with special emphasis on children with cancer.
Subjects and methods

Patients
We examined 19 consecutive newly diagnosed patients with solid tumors at the Hospital for Children and Adolescents, University of Helsinki, Finland, between September 1992 and May 1995. The study group comprised six patients with Wilms' tumor, four with stage IV neuroblastoma, four with rhabdomyosarcoma, two with osteosarcoma, two with Ewing's sarcoma, and one with hepatoblastoma. The hepatoblastoma patient received a liver transplant and was excluded from the analysis after surgery. Four patients died of relapse within 2 y of diagnosis. The neuroblastomas and Wilms' tumors were large; their mean volume estimated by computerized tomography was 1400 ml (95% CI 620 ±2200 ml). Detailed patient data are presented in Table 1 . The study protocol was approved by the Institutional Review Board. Oral witnessed informed consent was obtained from the parents and age-appropriate patients.
Control subjects
The control subjects were 19 age-and sex-matched children, who attended the hospital for minor elective surgery or for mild traumas. Their nutritional status was assessed both by anthropometry and by ultrasonography. Ethical considerations precluded drawing of blood samples from the controls.
Anthropometric measurements
We recorded weight loss prior to the diagnosis, weight as a percentage of the ideal body weight for height (Sorva et al, 1984) , upper mid-arm circumference, and triceps skinfold thickness (Neuman et al, 1982) . From the last two measurements, the mid-arm muscle area was calculated as follows:
Anthropometric measurements were performed on admission, monthly during preoperative chemotheraphy, 1±3 d before surgery, and one month after surgery, in all except three patients who were evaluated two months after operation.
Measurement of muscle thickness by ultrasonography
In the measurement of muscle thickness, we regard computerized tomography (CT-scan) as the golden standard. Our group has previously documented the excellent correlation between ultrasound and CT-scan, the results being almost identical (Koskelo et al, 1991) . Our choice for the present study was ultrasonography, based on the easy bedside practice and avoidance of radiation. Ultrasonography (Aloca Echo Camera, model SSD-210 DXII, Aloka Co., Tokyo, Japan) was used to assess the thickness of the left femoral quadriceps muscle at the midpoint between the distal border of patella and the superior spine of anterior iliac crest (Neuman et al, 1982) . Ultrasonography, as well as anthropometry, was performed in triplicate. The median of three measurements was used in the calculations to increase accuracy. Muscle thickness increases with growth. Therefore to make comparisons between children of different ages possible, muscle thickness was related to body surface area which was calculated from the formula:
weight Â height QTHH r m P wostellerY IWVU Accordingly, skeletal muscle protein mass (muscle index) was estimated from the formula MI QM 2 /BSA, where QM thickness of the quadriceps muscle (cm), and BSA body surface area (m 2 ). The reference range of muscle protein mass for children 1±14 y old (7.5 ± 10.5 cm 2 /m 2 ) was derived from the work of Koskelo and coworkers (Koskelo et al, 1990) . To avoid bias, throughout the study, both the anthropometric and the ultrasound measurements were performed by one examiner (MT), who was not involved in the planning of treatment or nutrition for patients or controls.
Laboratory measurements
Venous blood was drawn in the morning between 8 and 10 am. The concentration of serum albumin was measured with the bromcresol purple reaction. The concentrations of prealbumin and transferrin were measured with immunoturbidometric assays (Orion Diagnostica, Espoo, Finland). The normal ranges for serum albumin, prealbumin, and transferrin in our laboratory are 34 ± 45 g/L, 170 ± 420 mg/ L, and 1.75 ±3.13 g/L, respectively.
Anticancer therapy
The patients with stage IV neuroblastoma were treated preoperatively with cyclophosphamide, dacarbazine, and vincristine, followed by a combination of cisplatin and doxorubicin . The patients with Wilms' tumor were treated according to the National Wilms' Tumor Study protocols III±IV, the patients with Ewing's sarcoma according to the Intergroup protocol for Ewing's sarcoma of bone (CCG-7881), and the osteosarcoma patients on a modi®ed`Rosen T10' protocol including high-dose methotrexate, doxorubicin, cisplatin, etoposide, and ifosfamide. None of the protocols included corticosteroids.
Statistical methods
Because of the different durations of pre-and post-operative follow-up, MI and anthropometric measurements were calculated individually as areas under the curve, and then standardized according to the time in months (Matthews et al, 1990) . The anthropometric measurements are presented as means of the percentages of the age-speci®c standards with 95% con®dence intervals (Sorva et al, 1984; Frisancho, 1974; Karlberg et al, 1976) . With both the anthropometric and ultrasonographic measurements the paired Student's t-test was used to compare the mean values for the patients and the controls. Analysis of variance (Statview II program) was used in the analysis of repeated measurements. Linear regression was used to study the association between ultrasonography and visceral proteins.
Results
Ultrasonography and anthropometry at diagnosis
The mean muscle index of the patients, derived from ultrasonographic measurements of the femoral quadriceps (Figure 1 ).
Weight loss before diagnosis was documented in 11 out of 19 patients, seven of whom had lost over 5% of their body weight. However, the mean W% at diagnosis was 99% (95% CI 94 ±103%) of the age-and sex-speci®c mean for Finnish children (Sorva et al, 1984) , and the patients did not differ in this respect from the healthy controls.
The mean triceps skinfold thickness and the mean upper mid-arm circumference of the patients were 81% (67±95%) and 102% (98 ±107%) of the respective age-and sexspeci®c means (Neuman et al, 1982) . Neither the weight (P 0.93) nor the triceps skinfold thickness (P 0.16) of the patients differed signi®cantly from the control values (Figure 2) . The patients showed a trend toward a smaller mid-arm circumference (P 0.07) and a smaller mid-arm muscle area (P 0.08) (Figure 2 ). The mean mid-arm muscle area of the controls was as much as 130% (119 ± 141%) of the age-and sex-speci®c reference value (Frisancho, 1974) (Figure 2 ). The muscle index correlated with the mid-arm muscle area (r 0.38, P 0.02), but not with any other anthropometric measurements, in both the patients at diagnosis and the healthy controls. Slight, but signi®cant, weight loss was observed 1±2 months after surgery, with a mean W% of 95% (91±99%) (P 0.004). Triceps skinfold thickness and mid-arm circumference did not change signi®cantly during the course of treatment.
Ultrasonography and anthropometry during treatment
Visceral proteins
The mean concentration of serum prealbumin was 140.6 mg/L (111.3±169.8 mg/L) at diagnosis. It increased gradually during the treatment, and reached the normal level by 1±2 months after operation (188.3 mg/L, 163.0 ± 213.6 mg/L) (P 0.002) (Figure 3) . The mean concentration of serum albumin increased from 33.2 g/L (31.5 ± 36.8 g/L) at diagnosis to 37.3 g/L (35.2±39.3 g/L, P 0.03) 1±2 months after operation (Figure 3) . The concentration of serum transferrin was low± normal at diagnosis (1.9 g/L, 1.6±2.2 g/L), and showed a decreasing Evaluation of muscle protein mass in children M Taskinen and UM Saarinen-Pihkala trend during the treatment; 1±2 months after surgery the mean serum transferrin concentration had decreased to 1.6 g/L (1.4 ±1.9 gaL, P 0.11) (Figure 3 ). At diagnosis, none of the visceral protein concentrations correlated with the muscle index. After operation, however, the muscle index correlated with both serum albumin (r 0.47, P 0.07) and prealbumin (r 0.62, P 0.01).
Sensitivity, speci®city, predictive value, and validity of nutritional parameters In comparison with ultrasonography as the baseline standard, the sensitivities, speci®cities, and predictive values of both anthropometric and visceral protein measurements were poor in detecting reduced skeletal muscle protein mass (Table 2) . Of the traditional methods, mid-arm muscle area and serum prealbumin had the best validity (68%). The classic criteria suggesting nutritional support for tumor patients were sensitive enough to detect 69% of the patients with reduced skeletal muscle protein mass.
Discussion
We determined the nutritional status of children with solid tumors at the time of diagnosis, during preoperative chemotherapy, and postoperatively. We found that the traditional criteria for the assessment of protein energy malnutrition did not detect more than two-thirds of those patients who had reduced muscle protein mass, as indicated by reduced muscle thickness measured by ultrasonography.
The evaluation of protein-energy malnutrition begins with the choice of method. The methods employed for assessing skeletal muscle protein mass have been classi®ed according to a ®ve-level model: atomic, molecular, cellular, tissue-system, and whole-body levels (Wang et al, 1992) . Assessment of total body potassium, dual energy X-ray absorptiometry, and urinary creatinine measurements represent atomic, molecular and cellular level methods, respectively (Wang et al, 1992) . Computerized tomography and magnetic resonance imaging assess skeletal muscle mass at tissue level (Heyms®eld et al, 1995) . Anthropometric measurements estimate skeletal muscle at either wholebody or regional level. There is a good correlation between skeletal muscle mass estimated by urinary creatinine excretion or dual energy X-ray absorptiometry and computerized tomography (Heyms®eld et al, 1995) . In comparison with regional computerized tomography, upper arm anthropometry overestimates skeletal muscle mass by 20±25% (Heyms®eld et al, 1982b) . In contrast, both regional ultrasonography (Koskelo et al, 1991) and urinary creatinine excretion (Lerner et al, 1986) correlate well with computerized tomography imaging of the femoral quadriceps muscle.
Accordingly, in the assessment of skeletal muscle thickness, computerized tomography can be regarded as thè golden standard'. In our unit we have previously documented the excellent correlation between ultrasound and CT-scan, the results being almost identical (Koskelo et al, 1991) ; the correlations were 0.99 for mid-arm and 0.98 for mid-thigh muscle thickness (Koskelo et al, 1991) . After this solid documentation, we did not feel justi®ed to repeat the CT-scans in the present study any more, due to the radiation and respective ethical considerations involved, particularly regarding the healthy control children. Our choice for the present study was the ultrasonographic method, the additional bene®t being the ease of bedside practice.
In children with cancer, the nutritional hazards inherent in anticancer therapy have been fully recognized, and some treatment protocols have included nutritional support (Rickard et al, 1986) . Using the classic criteria for high risk of PEM in these protocols (weight loss more than 5%, weight below the 5th percentile, or albumin below 32 gaL), we could identify only two-thirds of the patients with reduced muscle protein mass revealed by ultrasonography ( Table 2) . Anthropometry of the upper arm was in no way superior in this respect.
As indicated by ultrasonography, the protein reserves of our patients were already reduced at the time of diagnosis. This suggests that these tumors during their initial growth had induced a catabolic state in the patients, as was also documented in 57% (11 out of 19) of our patients with a weight loss of ! 5% prior to diagnosis. Cancer induces a shift of energy substrates from the tissues into inef®cient metabolic pathways (Langstein & Norton, 1991) , often very early during the development of malignancy (Langstein & Norton, 1991; Pisters & Pearlstone, 1993; Inculet et al, 1987) .
The anthropometrically derived mid-arm muscle area created some problems regarding the reference values. The mean mid-arm muscle area of our healthy control subjects was 130% of the reference standard (Figure 2 ), which suggests that that particular reference may no longer be valid. For lack of more current population-based anthropometric data we used 25 y old North-American (Frisancho, 1974) and Scandinavian (Karlberg et al, 1976) references. The anthropometric`normal limits' may have changed during this time period. In calculations of speci®city and sensitivity, however, we employed a reference cut-off limit of 116% for mid-arm muscle area, based on the 25th percentile value of our normal control group on the old reference scale (Frisancho, 1974) .
The discrepancy between a normal weight but decreased muscle reserves and decreased subcutaneous fat by triceps skinfold measurement at diagnosis may be consistent with the presence of a sizable tumor mass (mean 1400 ml), as is further supported by the small but signi®cant decrease in W% after operation. None of the patients was clinically oedematous. The impact of a possible diffuse¯uid Chosen as the 25th percentile of mid-arm muscle area of the healthy control subjects (Figure 2) (Frisancho, 1974) . b Weight for height below the 5th percentile of the age-speci®c standard, weight loss of ! 5%, or serum albumin below 32 g/L.
Evaluation of muscle protein mass in children M Taskinen and UM Saarinen-Pihkala accumulation within the femoral muscle on the ultrasonographic measurement has not yet been evaluated. However, we have observed the decreased muscle index despite normal body weight in oedematous bone marrow transplant recipients one month after transplanation (Taskinen & Saarinen, 1996) The concentrations of serum albumin and prealbumin were low at diagnosis and increased during treatment. The low levels of serum proteins have been attributed to expansion of the intravascular¯uid space and increased degradation (Kern & Norton, 1988) , rather than to decreased hepatic protein synthesis (Warren et al, 1985; Warren et al, 1987) . The value of serum albumin and prealbumin as indicators of nutritional status seemed to improve during treatment; correlations of albumin and prealbumin with the ultrasonographic muscle index were observed postoperatively. It seems that the concentrations of serum albumin and prealbumin normalize before any increment in the muscle index. The levels of serum transferrin may re¯ect changes in iron status; iron loading was given to most children in the form of red blood cell transfusions.
Conclusions
We conclude that the traditional or anthropometric criteria for assessment of protein energy malnutrition are too insensitive to detect patients with reduced protein energy reserves, yet these reserves are known to be of importance for the outcome of the cancer treatment. We advocate ultrasonography as a more accurate bedside tool for the assessment of PEM.
